The proposed work concerns the analysis of Remotely Piloted Aircraft Systems (RPAS), also known as drones, UAV (Unmanned Aerial Vehicle) or UAS (Unmanned Aerial System), on hydrogeological contexts for civil protection purposes, underlying the advantages of using a flexible and relatively low cost system. The capabilities of photogrammetric RPAS multi-sensors platform were examined in term of mapping, creation of orthophotos, 3D models generation, data integration into a 3D GIS (Geographic Information System) and validation through independent techniques such as GNSS (Global Navigation Satellite System). The RPAS used (multirotor OktoXL, of the Mikrokopter) was equipped with a GPS (Global Positioning System) receiver, digital cameras for photos and videos, an inertial navigation system, a radio device for communication and telemetry, etc. This innovative way of viewing and understanding the environment showed huge potentialities for the study of the territory, and due to its characteristics could be well integrated with aircraft surveys. However, such characteristics seem to give priority to local applications for rigorous and accurate analysis, while it remains a means of expeditious investigation for more extended areas. According to civil protection purposes, the experimentation was carried out by simulating operational protocols, for example for inspection, surveillance, monitoring, land mapping, georeferencing methods (with or without Ground Control Points -GCP) based on high resolution topography (2D and 3D information).
INTRODUCTION
The proposed work concerns the analysis of Remotely Piloted Aircraft Systems (RPAS), also known as drones, UAV (Unmanned Aerial Vehicle) or UAS (Unmanned Aerial System), on hydrogeological contexts for civil protection purposes, underlying the advantages of using a flexible and relatively low cost system 5, 12, 16, 18, 20 . The capabilities of photogrammetric RPAS multi-sensors platform were examined in term of high resolution mapping, surveillance/monitoring, creation of orthophotos, 3D models generation and data integration into a 3D GIS (Geographic Information System) Specifically, the experimentation was performed in this way: i. preliminary study of the system, together with flight simulations to familiarize with flight operations for landing, take-off and free flight; ii. flight tests, both manual and scheduled, with and without load and with different loads, in restricted area for security; iii. flights in operative context of hydrogeological risk (unstable slopes and river catchment areas); iv. data processing with different software (APSAerial Photogrammetric Software, Menci software and PS -PhotoScan, Agisoft) and different strategies; v. 3D GIS for the validation and integration of multi-source spatial data.
According to civil protection purposes, the experimentation was carried out by simulating operational protocols, for example for inspection, surveillance and monitoring, land mapping, extraction of 2D and 3D information, data georeferencing, DTM/DSM (Digital Terrain Model/Digital Surface Model) generation and data integration into a 3D GIS platform (ArcGlobe 9.3, Esri). The main goal was focused on testing mapping capabilities of RPAS for civil protection purposes in hydrogeological contexts from a metric point of view. Thus, tests were performed on areas threatened by hydrogeological risk for people, houses, infrastructure of transport and areas of natural interest (i.e. Rete Natura 2000).
Flights were planned on scheduled waypoints and trajectories, in order to optimize the image quality (pixel dimension, focus, optics, illumination, etc), the image overlap (along track 80% and across track 60%), the flights capabilities (time and height) and the coverage of the investigated area.
With regard to the data processing, different image processing methods were performed: structure from motion algorithms 9, 17 and lens calibration strategies 11, 15 are only some examples. Furthermore, tests were carried out on the use or not, of GCPs (Ground Control Points) for the georeferencing and on behalf of reference frame transformation 1, 4 . The integration and validation of results into a 3D GIS with the GNSS (Global Navigation Satellite System) technique were an important step of the work, considering that only accurate, precise, trusted, reliable and accessible information should be the starting point of informed actions.
METHODS

Study areas and motivations
The study areas (Table 1) were selected following the suggestions of the group of volunteers of civil Protection of the local Municipality of Unione di Comuni Terre di Castelli, Italy, within a research activity centered on the use of a UAV for civil protection purposes (see Acknowledgment). 
Surveys and technical specifications
Surveys were performed on the test sites listed in Table 1 and described in Table 2 .
The RPAS used was ( Figure 1) an Octocopter, the Okto XL of the Mikrokopter equipped with a digital camera NIKON D5000 (18- 105 mm lens, sensor dimensions 4288 pixel x 2848 pixel and time laps capabilities) able to capture videos and photos, or video cameras for inspection purposes. The UAV system was able to record the trajectory of the flights in a log file, available on its mini SD (Secure Digital) card recovery.
The photos acquired by the digital camera were exploited for photogrammetric purposes with the aim to build the 3D geometry of the investigated areas; while videos were used for a visual inspection of the area from a privileged and secure point of view.
Accurate and detailed flight plans were scheduled for the acquisition of images from the digital camera in order to obtain the right redundancy of images necessary to the 3D geometry building and a nadiral point of view. The image overlap was computed for a 80% along track and a 60% across track; consequently, the height and the speed of the flights were set up according to the focal length, the sensor dimensions, the time laps capabilities of the camera and in relation to the required pixel size on the ground. The number of flights is closely related to the size of the area and the power consumption. The latter is linked to the payload but also to the boundary conditions such as the wind, therefore, it was necessary to properly plan the flight considering, at each time, the local boundary conditions. Waypoints were selected for the optimization of the flight and of the trajectory, particularly when a change of direction was needed. Survey support campaigns with topographic instruments (Figure 1 ), such as Global Navigation Satellite System (GNSS) were performed with network adjustment, in order to acquire GCPs (Ground Control Points) both artificial (targets properly projected and positioned) and natural, with the aim of using them as integration of the UAV survey, but also as CPs (Check Points) for validation purposes 2, 3 . Two GNSS double frequency receivers System 1200 (Leica Geosystems), with relative master-rover positioning with fast static acquisition at 1 Hz were used. GCP coordinates were obtained with a precision of some centimeters, therefore in the order of magnitude of the pixel dimension (Table 2) .
When specific survey support campaigns were not feasible, GCPs were derived from the available cartography (1:5.000) with an accuracy of 1 m, due to the scale factor error at the 1:5.000 scale ( Table 2 ). 
Data Processing
The photogrammetric data processing workflow of images consisted of different steps, as shown in Figure 2 . The data processing work flow was performed with different software: PS -PhotoScan (Agisoft) and APS -Aerial Photogrammetric Software (Menci software) for photogrammetric purposes of image elaboration; Lens (Agisoft) and Micromap (GeoInn) for the lens calibration; GeoSetter (freeware for Windows) for the synchronization of image acquisition time with the GPS trajectory ("geotag" of images).
PS and APS are suited for the processing of images acquired from UAV, by a quite automated process (Step 2 to Step 5) based on Structure from Motion (SfM) algorithms 9 . But, the lens calibration or the synchronization of image acquisition time with the GPS trajectory (Step 1) should be performed with others software, for the optimization of results. The image processing was performed with and without GCPs using: i. the recorded trajectory of the UAV (log); ii. only the GCPs; iii. the recorded trajectory of the UAV (log) and the GCPs together.
RESULTS
The experimentation carried out by authors had the main goal of testing the mapping capabilities of RPAS (Remotely Piloted Aircraft System) for civil protection purposes in hydrogeological contexts from a metric point of view. Photogrammetric software, exploiting SfM (Structure from Motion) algorithms, such as PhotoScan (PS) and APS gave orthophotos, point clouds, DTM/DSM (Digital Terrain Model/Digital Surface Model) as output of the work flow. A key factor of the experimentation was the testing of 3D capabilities of the UAV (Unmanned Aerial Vehicle) system and of the data processing and procedure. Thus, the data integration in a 3D GIS platform was one of the main objectives of the work and the 2D analysis was combined with the 3D one.
The survey of the Rio Faellano test site showed releases surfaces immediately back to the "monitored" group of houses as visible in the orthophoto of Figure 3 . These surfaces of rupture, although quite evident now, had not been noticed walking in the site while placing artificial targets and measuring them. The integration with GCPs (Ground Control Points) surveyed by GNSS (Global Navigation Satellite System) systems and the validation of the DSM with Check Points (CPs) allowed reaching a centimetric accuracy on the georeferencing (Table 3) . Table 3 . Validation of the DSMs obtained with different elaboration strategies (PS software): i -only the log file of the trajectory; ii -only GCPs; iii -log file + GCPs. The elaboration was performed by means of 11 of the 16 GCPs acquired with differential GNSS survey, while the validation by means of the others 5 GCP left employed as Check Points (CPs). σ is the standard deviation computed on the CP for East, North and Up direction. 
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DISCUSSION
According to civil protection purposes, the experimentation was carried out by simulating operational protocols for "high resolution" surveillance and monitoring, land mapping, extraction of 2D and 3D information, data georeferencing, DTM/DSM (Digital Terrain Model/Digital Surface Model) generation and data integration into a 3D GIS platform.
Experimentations were performed on areas threatened by hydrogeological risk for people, houses, infrastructure of transport and areas of natural interest (i.e. Rete Natura 2000).
The use of RPAS for civil protection purposes could be an added value to prevention activities and in case of emergency. It was very useful to investigate areas not accessible and to record digital information such as videos and photos to analyze immediately thanks to the telemetry, but also to post-analyze. The post processing of images, even if took long computing time (from some hours to more than 12 for each set) allowed the extraction of very important information derived from the 3D models obtained.
The performances of Structure from Motion (SfM) algorithms for environmental application, especially in hydrogeological risk contexts need to be deepened: a quite automated and user friendly processing procedure could lead to an erroneous way of exploiting the outputs, such as DTM/DSM, point clouds and orthophotos, if their assessment is under valuate. The technology employed, the system adopted along with the planning of acquisitions, allowed authors to draw some observations regarding the use of SfM algorithms related to the specific applications: -a relevant redundancy of images was required to ensure the image matching; -the image matching and the 3D model building needed a lot of computational effort (from few, to many hours), mainly due to the mandatory redundancy of images;
-the image matching could be difficult when the investigated area presents quite similar artifact, homogeneous colors and coverage (some discrepancies within these areas were detected); -when the area is extended it is necessary to perform different flights (Table 2 ) and many different elaborations incrementing the elaboration time and the computational effort; -when the area is extended it is necessary to pay attention on the mosaicing (Figure 6 ) of the outputs of the different elaborations; -algorithms are well suited for unstructured image acquisition geometry from aerial platform; -the potentialities in term of mapping capabilities were confirmed, for example, thanks to the detection of terrain fractures of unstable slope, not well visible from the ground ( Figure 3) ; -the use of GCPs was an important key factor in term of georeferenciacion and scaling, because ground control points improved the geolocalisation of results (Table 3 and Figure 4 ) and the realiability of their metric content; -the "metric" calibration of lens was a critic aspects and needs to be deepened, particularly to contrast a residual scale factor when GCPs are not employed ( Figure 4) ; -cartography derived coordinates could be enough precise to obtain something useful for quantitative inspection purposes ( Figure 6 ); -starting from a high level of detail captured by images (in the order of magnitude of some centimeters), it was possible to obtain very high resolution 3D models choosing to exploit the maximum available resolution or even a lower one ( Figure 5 ); -the reliability of the image processing results may be validated with laser scanning technique that gives pseudocontinuous information in space with respect to GNSS which, on the contrary, is able to give punctual information.
For environmental applications, the use of 3D GIS platforms, such as ArcGlobe (ESRI), could promote the employment of the 3D detailed information generated from the SfM image processing and SAPR surveys, considering the enhancement in the management of 3D integrated information. In fact, thanks to this innovative way to manage and store 3D georeferenced data it is possible to investigate the object from new points of view, in a way very similar to that provided by software designed for point clouds management.
CONCLUSIONS
The experimentation on SAPR and Structure from Motion (SfM) algorithms carried out according to civil protection purposes in hydrogeological risk contexts, for both prevention and mitigation, showed a great potentiality of SAPR and of the image-based "measuring" technique. The operational protocol simulated, for example for inspection, monitoring, land mapping, extraction of 2D and 3D information, data georeferencing, DTM/DSM (Digital Terrain Model/Digital Surface Model) generation and data integration into a 3D GIS platform were satisfactory, even if the computing time is still heavy: the data processing, with the integration of data from GNSS surveys and cartography, was quite efficient from a metric point of view; aerial surveys from UAVs could be scheduled periodically, or when/where necessary, with a relative low cost techniques and in a "fast" way; the way to analyze and manage critical/potentially critical situations could be really improved.
The integration and validation of results into 3D GIS with GCPs were an important step of the work, even if the GCPs acquisition could be difficult or not possible: only accurate, precise, trusted, reliable and accessible information should be the starting point of informed actions. But, the assessment of SfM algorithms performance needs to be deepened, thus as future development, authors will perform comparison with the laser scanning technique, because the image matching could fail where the surface is homogeneous and colors doesn't vary a lot.
A crucial aspect of 3D data integration was the reference frame: in a "jungle" of reference frames it is very important, but not always easy, to correctly manage the transformation from a system to another.
For monitoring purposes, a still greater attention should be paid on the metric content of 3D information extracted, both in term of georeferencing and geometry 4 . The experimentation results were satisfactory, from this point of view: it will be possible to compare the obtained results with further high resolution campaigns or in integration with others techniques, such as GB-InSAR (Ground Based Interferometric Synthetic Aperture Radar) 7 , while, with the archive data some problems were encountered for the of date of them.
Actually, the use of UAV and SfM algorithms could cover local area applications and could be usefully employed were others techniques, such as Aerial and Terrestrial Laser Scanning (ALS and TLS) fail for unavailability or relative high costs. But, they couldn't substitute, for example ALS for the study of extended areas or TLS, which is easier to manage and directly provides measures with a metric value 6 .
Furthermore the training of the flight operators is an important aspect to be considered, because the takeoff and landing phases are still manual along with the management of the vehicle in case of emergency for it. In addition, SAPR are subject to a strict regulation, issued by the ENAC (National Civil Aviation Authority), which limits a lot their applications.
